The anaerobic, gastrointestinal pathogen, Clostridium difficile, persists within the environment and spreads from host-to-host via its infectious form, the spore. To effectively study spore formation, the physical differentiation of vegetative cells from spores is required to determine the proportion of spores within a population of C. difficile. This protocol describes a method to accurately enumerate both viable vegetative cells and spores separately and subsequently calculate a sporulation frequency of a mixed C. difficile population from various in vitro growth conditions (Edwards et al., 2016b) .
. Clostridium difficile strains of interest, including the isogenic parent strain (e.g., 630Δerm or R20291) as a reference strain or positive control, test strains, and a negative control strain that is unable to sporulate, preferably in the same isogenic background as the parent (e.g., a spo0A null mutant [Heap et al., 2007; Dawson et al., 2012 25. Pre-reduced BHIS agar (brain heart infusion supplemented with yeast extract; see Recipes)
Note: All media needs to be reduced before use. This is achieved by bringing plates or liquid medium into the anaerobic chamber at least 2 h for plates or overnight for liquid medium before use (for additional details, see Edwards et al., 2013 
Anaerobic chamber (Coy Type A or Type C Chamber)
Note: All steps are performed within the anaerobic chamber unless otherwise noted. Details on C. difficile cultivation as well as use and maintenance of an anaerobic chamber are described in (Edwards et al., 2013 Note: For additional details on basic C. difficile cultivation, including propagation from frozen glycerol stocks, see Edwards et al., 2013 . Taurocholate is a germinant that will promote germination of any spores present in the C. difficile colony. Fructose is an additional carbon source that prevents sporulation and reduces the accumulation of spores in the overnight culture.
To ensure that the cultures are in logarithmic growth phase in the morning, an additional overnight culture of each strain may be made by back diluting the original culture 1:200-1:1,000 after inoculation into the same medium conditions.
2. In the morning, ensure that cultures are actively growing in mid-exponential phase, e.g., the OD600 is ≤ 0.9. If cultures are past an OD600 = 0.9, and thus, entering transition or stationary phase, it may be necessary to back dilute cultures into fresh BHIS to an OD600 < 0.5 to allow the cultures to outgrow and re-enter logarithmic growth before initiating the experiment (approximately 30-90 min, depending on the original density of the overnight culture). If cultures are below OD600 < 0.9, indicating that the cells are in logarithmic growth, continue with step 3. 
Allow cultures to grow

Total spores (ethanol resistant) Total cells (vegetative cells on BHIS + spores [ethanol resistant]) = Sporulation frequency
Data analysis
To calculate sporulation frequency as a percentage (%), multiply the final number by 100. Statistical analyses used will depend on the number of strains and conditions tested. At T24, use 0.5 ml culture to perform the ethanol resistance assay as described in step 5b.i and continue the protocol as described. This method provides for the comparison of ethanol resistant spores present in the culture at T24 versus the total number of cells (vegetative cells and spores)
at peak growth at T24 to calculate the sporulation frequency in liquid culture. It is important to note that much higher and more consistent sporulation frequencies are observed on plates than in liquid medium (Fimlaid et al., 2013; Edwards et al., 2016b b. If using strains that harbor plasmids, use thiamphenicol at 2 µg/ml for maintenance. This concentration stably maintains plasmids that confer thiamphenicol resistance while not interfering with the sporulation frequency of the parent strain containing the control vector.
The optimal concentration may need to be empirically determined for other antibiotics. 
